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The investigation of bacterial plasmid DNA maintenance requires an
understanding of the relationship of these molecules to other cellular
components. Our studies on the relationship of penicillinase plasmid
(pI524) DNA with its host bacterial (Staphylococcus aureus) membrane have
shown that the membrane-associated forms of this plasmid could be isolated
from exponentially grown cells lysed on sucrose gradient. The identity
of the plasmid pI524 DNA regions as covalently closed circular (CCC)
duplex monomer DNA molecules was confirmed by both CsCl-ethidium bromide
density centrifugation and agarose gel electrophoresis. Analysis of the
putative plasmid-membrane complexes isolated on clear lysate on sucrose
were performed on various density gradients. The results indicated that
approximately 23% of plasmid pI524 DNA was stably associated to bacterial
cell membrane fractions, and suggested that one of the three copies of
this plasmid per cell was complexed to the cellular membrane.
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An analysis of the protein patterns of the complexes on sodium
dodecyl sulfate-polyacrylamide gels shows similarity in protein patterns
of complexes to purified membranes of ^ aureus. Studies on effects of
various enzymes, e.g., ribonuclease and protease, as well as antibiotics,
rifampicin and chloramphenicol on complexing have suggested the possible
involvement of protein(s) over RNA in mediating the complexing of this
plasmid to its cell membrane.
Nuclease activity associated with this complex was observed when
purified CCC molecules of pI524 or lambda DNA were incubated with the
complexes in the presence of Mg2+ ions. Degradation of these molecules
was shown both by agarose gel electrophoresis and by sedimentation in
sucrose gradient analysis.
In vitro membrane binding studies have shown that purified co¬
valently closed circular of plasmid pI524 DNA could be found complexing
to membrane when incubated in the presence of crude (membrane) extracts.
Exposure of these complexes to high concentrations of salt (KCl, NaCl, or
CsCl) resulted in a separation of membrane-associated forms when compared
to salt free samples. This indicates the presence of two possible types
of DNA-membrane binding sites i.e., salt sensitive (unstable binding) and
salt insensitive (stable complexing).
Whether the association of this plasmid to cell membrane serves
to fulfill the various functions involved in plasmid maintenance needs
further studies. However, data from these studies support the J_n vivo
binding of pI524 to its cell membrane and suggest that this complexing is
mediated by proteins.
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The replicon model (Jacob £t a1 ., 1963) was proposed to explain
regulation of DNA synthesis and chromosome segregation in bacteria.
This hypothesis states that bacterial DNA must attach to cytoplasmic
membrane to be stably maintained. Since then, a large body of experi¬
mental evidence has been presented in support of one of its elements,
namely, the notion that the bacterial chromosome is attached to the cell
membrane. It has been postulated that such attachment plays a role in
the initiation and partitioning of progeny chromosomes into progeny
cells. Whether the association of DNA to its cytoplasmic membrane serves
to regulate the initiation and replication of its DNA, or acts as unit
similar to centromere during eukaryotic nuclear division, or both, is
not clear.
The evidence for attachment of bacterial DNA to the cell membrane
for segregation is limited. In this regard, Abeles ^ £l. (1985) have
shown that PI bacteriophage attaches to cell membrane at the incompati¬
bility site. This study suggests that this site may serve in the segre¬
gation of the temperate phage (prophage) during cell divison. On the
other hand, DNA-membrane complexes enriched for the replicative origin of
the chromosome have been reported by several investigators (Toyoda ^




In this respect, Hendrickson ^ (1982) have shown that when E, coli
DNA is cut with restriction enzymes and added to purified membranes
in the presence of an excess of heterologous competitor DNA, a single
restriction fragment was preferentially bound. This fragment contained
the origin of coli chromosome replication, oriC. They indicated that
the specificity of binding resides within 463 base pairs (bp) of the oriC
region, between base positions -45 and + 417. Further, study by Kusano ^
al. (1984) indicated that oriC apparently binds to the outer membrane and
does not require the presence of adjacent regions. However, they found
that more than one binding site resides within this fragment, i.e., two
sites with high binding affinity and one with a lesser affinity. All
these findings have helped add credibility to the conjecture that DNA in
bacteria is bound to the membrane for the purposes of replication.
Additionally, others have reported that the replication fork was also
membrane attached (Kusano et al., 1984). Despite the large amount of
work done by various investigators, it is still the belief of the
majority, that evidence supporting the notion that the bacterial DNA is
attached to the membrane for these purposes is only suggestive.
Since bacterial plasmids are stable extrachromosomal elements which
exist as autonomous replicons (self replicating DNA molecules) within the
bacterial cells and are of managable size, they provide a model system
for investigating the maintenance of DNA molecules in bacterial cells.
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Plasmids have been observed to code for important facultative genetic
traits, such as resistance to antibiotics, metals and ions. In addition,
plasmids have been found to be ideal vectors for introducing foreign
genes into cells by techniques of molecular cloning. A direct answer to
the question of whether the initiation of DNA replication at the origin
is regulated by the membrane component might be provided when an in vitro
initiation system, including the membrane fraction, is developed. In
vitro initiation without the membrane fraction has been achieved in
plasmid ColEl, (Tonizawa et a^., 1981), in R6K (Inuzuka and Helinski,
1978), in plasmid R1, (Diaz , 1981), and in a plasmid carrying the
replication origin of the ^ coli chromosome, (Fuller, 1981). Among
gram-positive bacteria, an i£ vitro model of plasmid DNA-membrane com-
plexing has been shown in Bacillus subtilis with plasmid pSL103 (Korn
et ^., 1983). All previously noted studies have involved vitro
complexing systems. The approach of this work is to isolate such com¬
plexes from an in vivo situation.
In view of these reports, this study was undertaken to discern any
association of pI524 plasmid DNA to the bacterial membrane, which may
explain its maintenance (replication and segregation) within its bacterial
cell host. Staphylococcus aureus.
Plasmid pI524 has a molecular weight of 21 x 10® (Sheehy and Novick,
1975). Intracellularly, it exists normally in a covalently closed cir¬
cular (CCC) configuration and is under stringent replication control (1-3
copies per chromosome equivalent) (Novick and Brodsky, 1972). Its
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sedimentation coefficients are 50S for the CCC form and 35S for the open
circular form (Sheehy and Novick, 1975).
The objectives of this work were: (1) to isolate pI524 plasmid DNA
complexed to the ^ aureus host membrane, (2) to characterize the
pI524 DNA-membrane complexes (3) to determine whether RNA or protein is
required for the plasmid DNA-membrane complex, and (4) to establish an in
vitro model of this binding.
CHAPTER II
REVIEW OF LITERATURE
In 1963, Jacob ^ proposed that bacterial DNA is attached to the
bacterial cell membrane, and that this attachment is involved in the
regulation of DNA synthesis and the segregation of the chromosomes during
cell division, Cuzin and Jacobs (1965) suggested that both the F-factor
and chromosome co-exist with a common budding structure. They further
hypothesized that if nonessential genetic elements present in a limited
number of copies in each cell were to maintain hereditary stability,
there would have to be a mechanism to ensure replication and equal distri¬
bution of the elements among daughter cells.
Since the involvement of the cell membrane in prokaryote DNA repli¬
cation was first proposed by Jacob (1963), many investigations have
been performed in attempts to understand the interaction between these
two cellular components. Complexes containing DNA and membrane have been
isolated from a variety of bacteria and extrachromosomal DNA replicons
(viruses and plasmids), and much evidence has been accumulated to support
the contention that such complexes may represent the site of DNA repli¬
cation (Stratling and Knippers, 1971; Firschein, 1972; Dworsky and
Schaechter, 1973; Horowitz ^ ^,, 1979; Robertson and Watkins, 1979;
Sparks and Helinski, 1979; Winston and Sueoka, 1980; Firschein et al,,
1982),
Membrane attachment of the bacterial chromosome has been demon¬
strated by electron microscopy of ultrathin sections (Ryter, 1968) and by
a variety of fractionation techniques (Granesan and Lederberg, 1965;
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Ivarie and Pene, 1970; Smith and Hanawalt, 1967; Sueoka and Quinn, 1968;
Tremblay 1969). Several attempts have been made to determine if
the DNA is attached at one or at many points, and if some of these points
of attachment represent specific regions of the DNA.
Biochemical studies of such DNA-membrane complexes (Nicolaidis and
Holland, 1978) have shown that the origin for chromosomal DNA repli¬
cation of £. coli is specifically bound to membrane via a protein, and
that outer membrane is enriched in origin DNA. Subsequent experiments
by Wolf-Watz and Norqvist (1979) have shown that when £. coli cells were
treated with antibacterial agents that interfere with protein synthesis
chloramphenicol, no DNA could be found associated with either the outer
nor cytoplasmic membrane.
Several studies have suggested the possible involvement of RNA in
complexing of plasmid DNA to membrane. In 1973, Dworsky and Schaechter
reported that the number of attachment points of plasmid DNA to coli
cell membrane was decreased fourfold by the treatment of cells with
rifampin. They interpreted their results to be due to the action of
rifampin on RNA polymerase, since the drug did not affect a mutant whose
RNA polymerase is resistant to rifampin. Based on their findings, they
suggested that there may be two classes of attachment points of DNA on
the membrane, some of which are removed by rifampin treatment and some
which are not.
Studied by several investigators have shown that plasmid DNA mole¬
cules cosedimenting with bacterial chromosomal complex (chromosome plus
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membrane) could be released from their association by exposure to RNase
(Kline et al., 1976; Sheehy £t 1978). Further these investigations
indicated that replicating molecules at all stages of polymerization were
susceptible to release only by RNase (Archibold 1978), Consistent
with these findings, Archibold ^ £l.. (1981) employed rifampicin in a
further examination of the involvement of RNA in association of R6K
plasmid replicating forms to the host chromosomal complex. Their data
showed that de novo synthesis of RNA is required to maintain complexing
of R6K replicating forms to their template site(s). Taken together,
these data suggest that RNA may be involved in complexing DNA molecules
to their site of maintenance.
In recent reports, it has been shown that origin DNA from the E,
col i chromosome (Hendrickson ^ £l^., 1982) or from Bacillus subtil is
plasmid (Korn 1983) binds specifically to purified membranes. The
former workers have shown that when coli DNA is cut with restriction
enzymes and added to the membranes in the presence of an excess of hetero¬
logous competitor DNA, a single restriction fragment is preferentially
bound. This fragment contains the origin of E_^ coli chromosomes repli¬
cation, oriC. This binding is enhanced by divalent cations and takes
place specifically at a few (0.7 - 3.0) membrane sites per cell. They
indicated that the apparent affinity of origin DNA for membrane is
enhanced by two peptides, 55 and 75 kilodaltons, which remain attached to
the DNA through treatment with 5,5 M cesium chloride.
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Winston and Sueoka (1980) were able to show that the observed
association of the origin DNA membrane complexes were affected during
inhibition of initiation of DNA replication in Bacillus subtil is. and the
Staphylococcus aureus - Bacillus pumilus chimeric plasmid pSLlOS, using
temperature sensitive mutants of subtil is that have specifically
affected initiation. In the initiation mutant dna-1, a decrease in
the membrane-association of both the origin for chromosomal replication,
(as determined by an ajacent marker, pur A16), and the plasmid, pSLlOS,
was observed at the nonpermissive temperature. Membrane association of
both chromosomal marker (pur A16) and pSLlOS could be recovered by
allowing initiation to resume at the permissive temperature. In another
initiation mutant, dna B19, only the initiation and membrane association
of the host chromosome were affected at the non-permissive temperature,
whereas neither initiation nor membrane association of plasmid pSL103
was affected the at nonpermissive temperature. Consistent with the in
vivo studies, the pur A16 marker and pSL103 DNA molecules are both
selectively released during incubation of purified DNA-membrane complexes
prepared from dna-1 cells at the non-permissive temperature. On the other
hand, only £ur Al_6 DNA (chromosomal DNA) was released vn vitro from the
DNA-membrane complex prepared from dna B19 cells. These findings led them
to conclude that DNA-membrane association was critical for the initiation
of the subtilis chromosome and the plasmid pSL103.
Korn et al_. (1983) developed a model system to study the j_n vitro
binding of a plasmid to the membrane fraction from ^ subtilis. The
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plasmid DNA molecule used in their studies was pSL103 (8.0 kilobases), a
chimeric plasmid consisting of a ^ aureus plasmid (puBllO, 4,5 kilo-
bases) and a DNA fragment (3.5 kilobases) from ^ pumilus carrying the
trpC'*' gene. This plasmid replicates in ^ subtil is cells, and its in
vivo membrane binding (as well as it replication) is dependent on the
product of a DNA initiation gene, dna-1. of ^ subtil is. Their vitro
binding study showed that binding is specific to the origin-containing
portion (pUBllO) of pSL103. The trpC'*' carrying portion neither binds to
the membrane fraction nor competes with pSL103 for binding to the membrane
fraction in-vitro. ColEl plasmid DNA, which does not replicate in B.
subtil is, did not bind to the ^ subtil is membrane fraction nor competes
with pSL103 for binding.
In analyzing plasmid molecules in S. aureus, Novick and Schwesinger
(1976) observed that incompatibility of penicillinase plasmids, includ¬
ing pI524, was determined by a genetic locus, inc, that was not separable
by recombination from rep a gene encoding a diffusible product re¬
quired for the plasmid replication. In their report, they suggested that
in the S. aureus system, the plasmid inc and rep A determinants are
genetically as well as functionally distinct. Furthermore, they suggested
that the inc locus is not involved in replication nor control of peni¬
cillinase plasmid pI528, but instead may be involved in the distribution
of replicas. In this regard, Novick £t al.. (1980) suggested that the
cell envelope was directly involved in the partitioning of the curable
plasmids in a manner that is independent of chromosome partitioning. On
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the other hand, they suggested that the noncurable plasmids were obli¬
gatorily partitioned in association with the chromosome. Their report
was based on the observation that 80% of the penicillinase plasmid in
aureus cells was eliminated during the formation and regeneration of
lysostaphin-induced protoplasts of these organisms. These findings are
consistent with the idea that plasmids may differ in respect to the




Bacterial Strains and Plasmid
The bacterial strains used in this study were Staphylococcus aureus
strains, RS42 (plasmid negative), and an isogenic strain (RS43) harboring
the penicillinase plasmid, pI524 (Novick and Brodsky, 1972), which confers
resistance to penicillin, cadmium, and a number of other inorganic ions
(Peyru et al,, 1969).
Media and Culture Conditions
Nutrient rich media, CY broth or agar (Novick and Brodsky, 1972) was
used for growing the cells supplemented with 50mM cadmium nitrate and 10
ug/ml of penicillin whenever necessary to select against any plasmid¬
negative cells and for cells harboring pI524. In experiments requiring
radioactive labelling, [3H]-deoxythymidine (C^Hj-dThd) was purchased from
Moravek Biochemicals, City of Industry, CA.; [l^C]-glycerol, and methionine
[35s] were purchased form ICN Chemicals and Radioisotopes Division, Irvine,
CA and used accordingly to label plasmid and membrane components, respect¬
ively.
Clear Lysate on Sucrose Gradients
To isolate DNA-membrane complexes, it is necessary to minimize the
handling of cells. The clear lysate on sucrose (CLOS) gradient combines
the steps of the lysis of the bacterial cells with the density gradient




For each experiment, cells were innoculated into the CY broth medium
and grown overnight as static culture. The following day, these cells
were diluted 100 fold in 25 mis of fresh CY broth that was supple¬
mented with 50 mM cacdmium nitrate and 10 ^ig/ml of penicillin. The cells
were then shaken at 37°C in a Lab-Line water bath shaker. The cultures
suspended in 25 ml CY broth medium were allowed to grow for approximately
45 min to an optical density of 0.05 at 620 nm, then labeled with 2 to 10
/jci/ml of [^HldThd. In some experiments, 1 juCi/ml of [^^C] glycerol was
added to the same medium culture in addition to the radioactive [^H]Thd
for labeling membrane components and total DNA, respectively. Cell
density was determined spectrophotometrically at a wave-length of 620 nm
using a Buchler Spectronic - 20. For the isolation of large quantities
of plasmid-membrane complexes, 250 ml of a separate CY broth medium
containing the supplements was also innoculated with the overnight culture
and grown as mentioned above. When the cell density reached an optical
density (O.D.) of 0.4 (approximately 3.5 x 108 to 4 x 108 cells/ml of
exponential growth phase), 25 ml labeled and 250 ml unlabeled cells were
mixed together into sterilized centrifuged tubes at equal distribution to
insure a 1:10 mixture of labeled cells to unlabeled cells. This is an
outstanding technique of conserving radioactivity (Ryder and Smith,
1974). Immediately following cell centrifugation at 10,000 rpm for 10
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min at 5°C, the pellet was resuspended in 0.5 ml of cold TES buffer (0.01
M Tris-HCl, pH 8.0, 0.001 M EDTA, 0.25 M NaCL) containing, 0.02 M po¬
tassium cyanide (KCN) and lysostaphin (obtained from Sigma Chemical Co.),
to give a final enzyme concentration of 60 /ug/ml. This suspension was
immediately layered on 10 to 30% linear neutral sucrose gradient totalling
11.0 ml, maintained at 4°C, containing as a bottom shelf 0.5 ml saturated
CsCl in 60% sucrose and a 0.2 ml top layer of 5% Brij -58 detergent in 5%
sucrose. The spheroplasts formed by lysostaphin exposure were then
lysed as they sedimented through the detergent layer. In the experiment
where ribonuclease (RNase A; A grade Calbiochem) or pronase (Sigma
Chemicals) was included on the gradients, a stock solution was made
consisting of 5 mg/ml in 7% sucrose with TES buffer. A 0.1 ml aliquot of
either RNase or pronase, depending on the gradient, was layered at a
final concentration of 500 /jg before the addition of the detergent layer.
Shown in Fig. 1 is an illustration of a CLOS gradient. Both the
gradient and the other constituent layers were made in TES buffer as
previously described. The gradients were kept undisturbed at 4°C for
20 min to allow spheroplast formation on the top layer, then lysed while
centrifuging through the detergent layer at 40,000 rpm for 2 hr at 4°C
in a Spinco SW41 (11 ml capacity) swinging bucket rotor utilizing a
Beckman L5/50 or L5/65 ultracentrifuges. At the end of the centri¬
fugation, the gradients were collected from the top with the Auto Densi-
Flow II (Buchler Instruments, Fort Lee, N.J.), which was connected to a












Buchler Peristaltic pump. For preparative studies, 15 drops per fraction
were collected into trays and 25 microliters were spotted on strips of
Whatman 3MM filter paper or directly fractionated on filter paper for
analytical studies. The incorporation of the radioactively labeled
materials was determined by taking the strips through various washes of 5
and 10% trichloroacetic acid and 95% ethanol for 10 min each, dried with
a hot air blower, cut into standard toluene 2,5 diphenyoxazole scintil¬
lation fluid, and counted in a Beckman LS7000 scintillation counter.
Analysis of pI524 Plasmid DNA from Exponentially Grown Cells Exposed to
Antibiotics
The analysis of cells harboring pI524 plasmid DNA in the presence of
chloramphenicol (Cm) or rifampicin (Rif) on CLOS gradients was the same as
described earlier. One-fourth milliliters of overnight cultures was
inoculated into 25 ml of CY broth medium with the added supplements as
indicated previously. After 45 min of cell growth, the aerated liquid
cultures were labeled at an optical density at 620 nm of 0.09 (5 x 10®
cells/ml) with 2 to 10 ^Ci/ml of [^HldThd and 1 pCi/ml of [^^C] glycerol.
Growth was allowed to continue at 37°C to a cell density of approximately
3.8 X 10^ cells/ml (0.D./0.4) was reached. At this stage of growth, cell
cultures were divided into two equal aliquots; either 500 yug/ml chloram¬
phenicol or 200 ;ug/ml of Rif was added, depending on the objective of the
experiments, i.e., that to directly inhibit protein or RNA synthesis,
respectively. Thereafter, the culture continued to shake at 37°C for 30
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min. To rapidly stop metabolic activity, growing cultures were poured
over frozen crushed TES buffer containing 0,2 mM KCN. Both antibotic-
treated and untreated cells were immediately harvested by centrifugation
(5°C) at 10,000 rpm for 10 min, and each resuspended to 1/10 the original
volume in cold TES buffer containing 0.02 mM KCN. These samples were
then handled as described earlier in the CLOS section for the isolation
of membrane complexes.
Cesium Chloride-Ethidium Bromide Gradient Centrifugation
Cesium chloride-ethidium bromide (CsCl-EtBr) gradient centrifugation
separates supercoiled plasmid DNA from nicked and linear plasmid DNA and
chromosomal DNA, It is used in this work for two purposes. First, it
is used to provide molecular weight marker and it is also used to isolate
pI524 DNA for the binding studies with membrane component.
Radioactive and/or unlabeled CCC pI524 DNA, which was used for
molecular weight markers and for the jji vitro plasmid pi 524-membrane
binding studies, was prepared by CsCl-EtBr gradient centrifugation of
cleared lysates, as described by Clewell and Helinski (1969). Fractions
from CLOS gradients containing plasmid and chromosomal DNAs were separate¬
ly pooled, diluted in TE buffer (O.OIM Tris, pH 7.6, with O.OOIM EDTA),
and centrifuged in CsCl-EtBr gradients as described (Sheehy and Novick,
1975).
In these experiments, cells were grown, pelleted, and resuspended in
1ml of 20% sucrose made in 0.01 M Tris, pH 8.0. Two-tenths ml of freshly
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prepared lysostaphin in TES buffer (stock concentration of 600 jug/ml) was
added and incubated at 37°C for 10 min. Following the incubation, an
equal volume of lytic mix (10% Brig in O.OIM Tris, 10% DOC in O.IM Tris,
IM Tris and 0.25M EDTA) at pH 8.0 was vigorously added, and the mixture
was gently mixed several times. Immediately following the crude lysate
was spun at 20,000 rpm for 30 min at 4'’C. The supernatant was carefully
pipetted and extracted once with isoamyl/chloroform followed by phenol/
chloroform. For every ml of extracted clear lysate, 1g of solid cesium
chloride were added and mixed gently until all of the salt was dissolved.
Eight hundred microliters of a solution of ethidium bromide (10 mg/ml in
H2O) was added to a final ethidium bromide concentration of 600 jLig/m1.
The volume was adjusted to 10 ml with w/v CsCl and TE buffer 1:1. The
mixture was adjusted to a final density of 1.55 g/ml (refractive index =
1.3860). The solution was overlayered with light paraffin (0.1 ml) and
centrifuged at 45,000 rpm for 36 hr at 20°C. At the end of the centri¬
fugation, visible DNA bands were removed by puncturing the side of tubes
with a No. 21 hypodermic needle, or fractionated by puncturing the bottom
of the tubes and collecting 10 drops per fraction into trays. The frac¬
tions were spotted and the radioactivity determined as described previ¬
ously. Fractions containing DNA were pooled and extracted with butanol
saturated with aqueous TE buffer, pH 7.6.
Extracted samples were dialyzed overnight against TE buffer and
concentrated with 1/10 volume of 3M sodium acetate (NaoAc) and an equal
volume of 100% ethanol at "20°C overnight. Samples were centrifuged at
10,000 rpm for 10 min at 4°C, followed by air drying and finally re¬
suspended in 5 ml of TE buffer, pH 7.6.
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Quantitative Analysis of Plasmid pI524 DNA
The percent of counts recovered as plasmid pI524 DNA from CLOS
gradients was determined from the ratio of total counts per minute in the
plasmid region to those in the chromosomal region of the gradient.
Recovery of counts added to these gradients was usually 90 to 100%. The
conversion of Covalent Closed Circular (CCC) to Open Circular or Linear
(OC/L) molecules from CsCl-EtBr gradients was calculated by adding the
total counts in both CCC and OC/L region and dividing by either total
counts observed from the CCC or the OC/L region. The conversion of
percent recovery of plasmid DNA to number of copies per chromosomal
equivalent was as described by Clowes (1972). Here, the ratio of plasmids
to chromosome was multiplied by the molecular weight of the chromosome
(3.8 X 108), divided by the molecular weight of each plasmid pI524 (21 x
106).
Identification and Analysis of Plasmid DNA-Membrane Complexes
In order to separate and analyze the membrane-complexed pI524 iso¬
lated from CLOS gradients the following sucrose gradient centrifugations
were used.
Two-step sucrose gradient (Winston and Sueoka, 1980). This gradient
separates the membrane bound DNA from free DNA or free membrane. In this
analysis, 11 ml gradients were composed of a bottom layer of 62% sucrose
in TES buffer and a top layer of 20% sucrose in TES with a volume ratio
of 1 to 4. The CLOS treated or untreated sample was diluted 1:1 with
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TES buffer and layered on top of the gradient then centrifuged at 35,000
rpm in SW41 rotor at 4°C for 60 min. Fifteen drops per fraction were
collected into trays by puncturing the tube from the bottom, and 25 jul
aliqouts of each fraction were radioactively analyzed as previously
described in the CLOS section.
Cesium chloride-sucrose double density gradient (Winston and Sueoka,
1980). This gradient takes the advantage of double density to dissociate
the non specific interaction between DNA and membrane. The membrane-
plasmid complexes obtained from treated or untreated CLOS gradients were
centrifuged on CsCl-sucrose double density gradients for separation into
the two DNA-membrane components. Ml and M2. This gradient was prepared
by adding 0.5 mM CsCl to 10% sucrose (w/w) in TES and a final solution by
adding 5mM of CsCl (0.84 g per ml) to 20% sucrose (w/w) in TES buffer. A
0.4 ml sample from CLOS gradients was layered onto the gradients, and
centrifuged in a SW41 rotor at 35,000 rpm for 30 min at 4°C. Fifteen
drops per fraction were collected by puncturing the bottom of the tube
and dripping into trays. Aliquots of 25 jul of each fraction were analyzed
for distribution of radioactivity as previously described in this chapter.
The density of the various membrane fractions was determined by analyzing
the refraction index of each fraction.
Isopycnic sucrose gradient (Osborn et al., 1972). Multiple steps
isopycnic of sucrose (30-55%) gradients were also used in the identi¬
fication of the membrane-plasmid complexes from the CLOS gradients (CCC
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versus OC/L). Here, sucrose density gradient centrifugation was carried
out in the SW41 rotor. Step gradients were prepared by layering 2.1 ml
each of 50,45,40,35 and 30% sucrose solutions (w/w) over a cushion (0.5
ml) of 55% sucrose. All sucrose solutions were made in TES, pH 8.0.
One-half of a milliliter of either treated (enzymes or antibiotic) or
untreated (control CLOS) samples were layered on top of gradients and
centrifugation was carried out at 38,000 rpm for 16 hr at 4®C. Gradients
were fractionated by puncturing the bottom of tubes and collecting 15 drops
per fraction. Radioactivity was analyzed as previously described.
Isolation of Total Membrane Fractions
The isolation of membrane fractions was accomplished by using the
procedure of Osborn ^ aj.. (1972) with slight modifications as follows.
Here, 25 ml of cells labeled with 2 /jCi/ml of C^^C] glycerol were mixed
with 250 ml of unlabeled cells after both labeled and unlabeled cultures
had reached an 0D520nm mixture of 1:10 was centrifuged at
10,000 rpm for 10 min at 4°C. The cell pellet was resuspended in a 4 ml
buffer solution containing 10 mM Tris-HCl (pH 7.8), 5 mM EDTA, and 1 mM
B-mercaptoethanol. The cells were disrupted by six 15-sec bursts at
15-sec intervals at the setting of a W-220 F Heat System Cell Distruptor.
Cell debris was removed by pelleting at low-speed centrifugation (4000
rpm for 3 min at 4°C). Total membrane fractions were pelleted from the
supernatant fractions by centrifugation at 100,000 X g (28,500 rpm in a
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SW50 rotor or 24,500 rpm in Sw41 rotor) for 60 min. The centrifuge tubes
containing the total membrane (Tm) labeled preparation were then resus¬
pended in 2 ml of the Tris-EDTA resuspension buffer containing beta-
mercaptoethanol (described earlier) and incubated at 4°C for 1 hr as
described by Osborn (1972). The membrane component was separated
by isopycnic gradient centrifugation in a Beckman SW41 rotor for 16 hr at
38,000 rpm at 4‘’C. Gradients were collected and counted using the same
process described in the CLOS procedure.
Protein Concentration Assay
The quantitative protein determination was performed according to the
Bio-Rad Protein assay. Here, several dilutions of protein standard
(Bovine Serum Albumin, BSR) containing from 0.2 to about 1.4 mg/ml were
prepared. For each time the assay was performed, a standard curve was
prepared. In this assay, 0.1 ml of standards containing appropriately
diluted samples were placed in clean dry test tubes and 0.1 ml of sample
bufffer made in 0.1 M Tris-HCl and O.OOIM EDTA at pH 8.0 was placed in a
"blank” test tube as a reference. Five milliters of diluted (1:4) BioRad
dye reagent was added to each sample, mixed gently, and allowed to stand
for a period of 5 to 30 min before the optical density at 595 nm was
read. The OD595 versus concentration of standard was plotted and protein
concentrations of samples were determined by recording O.D. relative to
the standard curve
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Identification of Proteins by Sodium Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis
For the preparation of protein samples for SDS/PAGE, a portion of each
sample was aliquoted in a separate clean and dry test tube. The other
"stock" portions were kept in a ■80°C freezer to prevent high enzymatic
activity. Laemmli sample buffer at five times (5x) the normal concentra¬
tion, as described by Laemmli (1970), was prepared and added at one
fifth the aliquoted volume to each sample. Each sample was heated at
100°C for 5 min. To each sample, 2 to 3 drops of 100% glycerine were
added. Separation of protein samples was performed using gels containing
16% acrylamide and 0.094% bisacrylamide. Gel thickness varied from 0.75
mm to 3.0 mm. Whenever the sample volume permitted, at least 50 jjg of
protein of each sample was added to the gel (Iyer, 1977). At least 10
ug each of standard known molecular weight proteins were applied similarly.
Gels were run at 20-30 milliamps for 4 hr, overnight or until the
tracking dye was about 1/2 to 1 inch from the bottom of the gel. Pro¬
teins were fixed and stained simultaneously for 2 to 6 hr in 45% methanol,
10% acetic acid, and 0.25% Coomassie brilliant blue R 250. Gels were
destained in several changes of 30% methanol - 10% acetic acid mixture.
In experiments where gels contained [^^S] methionine protein samples, the
gels were soaked in 10% TCA for 15 min, dried on Whatman 3 mm paper, and
exposed to X-ray film (Kodak X AR-5) with an intensity screen.
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Agarose Gel Electrophoresis
Identification of the various forms of pI524 plasmid DNA was accom¬
plished by agarose gel electrophoresis. Sixty microliters of each sample
containing about 6 to 10 _;ug of DNA were mixed with lOjul of stop solution
(25% Glycerol, 0,055% Bromophenol Blue), For the restriction analyses,
10 ul of the stock EcoRl (specific activity (5000 U)) and 10 ul 10 X core
buffer (purchased from Sigma) were added and incubated for 30-60 min
prior to the addition of stop solution. The samples were electrophoresed
in a 0,8% agarose gel made in Tris-Acetate (40 mM Tris-HCl, 20 mM acetic
acid, and 2 mM Na2EDTA), pH 8,1, Electrophoresis was carried out at 100
mV for 2 - 3 hr or 40 mV overnight. The gel was stained with 1 jug/ml of
ethidium bromide for 30 min.
In Vitro Binding Assay
Cells of S, aureus were grown in CY broth supplemented with Cd(N03)2
and penicillin as described earlier. The Cells were pelleted by centri¬
fugation at 10,000 rpm for 10 min. The lysate was prepared by the proce¬
dure of Korn et £l_, (1983), with slight modification as follows. Pellet¬
ed cells from 25 ml of culture were resuspended in 0,5 ml of TKE buffer
(0,02 M Tris-HCl, pH 8,0, 0,06M KCl, and 0,001M EDTA), 0,1 ml of lyso-
staphin (60 jug/ml in TKE buffer), and 0,05 ml of 2-B-mercaptoethanol
(0,1M in TKE buffer). The mixture was incubated at 32°C for 5 to 10 min,
after which 0,1 ml of 5% Brig-58 in TKE was added. The viscous lysate
obtained from the lysis was put on ice, sheared by passing through an
18-guage needle eight times, and stored on ice until used.
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Two hundred micro!iters of the bacterial lysate was heated at 45°C
for 10 min. Five to 10 ul of radioactive DNA (together with nonradio¬
active DNA for competition experiments) was added and further incubated
for 5 min at 45°C. The reaction mixture was transferred to a 32°C water
bath, and incubated for 20 min. In experiments where the effects of
incubation time was examined, the incubation period was extended to 30
min. Samples were chilled in an ice bath, and layered on a prechilled 5
to 20% sucrose gradient made in TKE buffer with a 64% sucrose shelf (in
TKE buffer) at bottom. Gradients 4,0 ml of 5 to 20% sucrose were made in
nitrocellulose tubes containing 0,9 ml of 64% sucrose at the bottom. The
gradients were centrifuged at 32,500 rpm for 30 min in SW 50,1 rotor, and
fractionated by puncturing the bottom of the tube and collecting 15 drops
per fraction onto strips for analytical studies. For preparative pur¬
poses, fractions were collected into trays. Radioactivity was determined
as described earlier in the CLOS section.
CHAPTER IV
RESULTS
Evidence for Membrane Association with Freely Sedimenting Plasmid DNA
In this study, a strain of aureus (RS43) harboring the penicilli¬
nase pI524 plasmid was used to determine the apparent association
of the plasmid DNA with its host bacterial cell membrane. Exponenti¬
ally grown cells were differentially labeled with [^^C] glycerol and
[^H] thymidine to identify the membrane and plasmid DNA components,
respectively (Fig, 2). By use of the CLOS gradients, cells were lysed as
they sedimented through a layer of detergent and thereby the solubili¬
zation and/or mechanical disruption, of putative plasmid-membrane com¬
plexes was reduced. As can be observed (Fig. 2) the [^^Cl-labeled gly¬
cerol material formed a distinct peak coincident with the peak of [^H]-
labeled pI524 plasmid DNA, indicating the cosedimentation of a putative
plasmid-membrane complexes.
Identification and Analysis of Plasmid DNA-Membrane Complexes by Density
Gradient Centrifugation
Density gradient centrifugations has been used routinely to separate
membrane-associated DNA from free DNA and membrane. The following density
gradients were then used to identify and quantitate the percent of pI524




Isopycnic Step Sucrose Gradient Centrifugation of CLOS Sample. To
identify the putative plasmid pI524 DNA-membrane observed cosedimenting
on CLOS gradients, samples from CLOS gradients were pooled, and centri¬
fuged on multiple steps of neutral sucrose (30-55%) gradients. As shown in
Fig. 3, centrifugation to equilibrium resulted in two discrete membrane
bands. These were designated in order of increasing buoyant density,
Pl(P20 = P2 (P20 = 1.16). The membrane band P] represents the CCC
forms of pI524 plasmid DNA and P2 represents the OC plasmid DNA form.
Two Step Sucrose Gradient Centrifugation. To determine and identify
the percent of pI524 that was associated with membrane fractions, plasmid
DNA-membrane fractions, as indicated by their radioactive markers from
CLOS gradient, (Fig. 2) were pooled, dialyzed, and layered on discon-
tinous gradient consisting of 60% sucrose overlaid with 20% sucrose. The
fractions at the interphase layer, i.e. between 20% and 60% sucrose
(Fig. 4) contain membrane material (Sueoka and Hammers, 1974), and is
conventionally called the membrane (M) fraction. This material contained
23-35% of the plasmid DNA recovered on depending on the lysate preparation.
Identification and Analysis of Plasmid pI524 DNA-Membrane Complexes.
In these experiments, plasmid DNA-membrane complexes isolated on CLOS
gradients (Fig. 2) were purified by centrifugation on CsCl-sucrose
double density gradients as described in Materials and Methods. Two
Fig. 3. Profile of isopycnic neutral sucrose gradients,














Fig. 4. Profile of two-step neutral sucrose gradient. pI524 DNA-
membrane complexes from CLOS gradients (Fig. 2) were separated
from free DNA or membrane as described in Methods Section.
Complexes sedimented towards the bottom of the gradient. The









DNA-membrane associated peaks, were identified, and designated Mi and M2
(Fig. 5). The Ml peak is rather sharp with peak density of 1,35 g/cm^,
while the M2 peak is 1.47 g/cm^. If [14c]glycero1 and [3H]dThd contents
represent relative measures of membrane components and DNA, respectively,
in both peaks, M2 has more DNA than Ml per equivalent amount of membrane
materials. Both Ml and M2 are practically in equilibrium within 15 min
of the start of centrifugation, because their positions hardly change by
further centrifugation. Free DNA and membrane fraction (F) did not
sedimented appreciably. The amount of free DNA varied (40-63%) which is
proportional to the amount of membrane DNA fraction in the CLOS gradient
centrifugation. This indicates that more weakly bound (possibly non¬
specific) DNA may be removed by the high salt centrifugation (Sueoka and
Hammers, 1974).
Cesium Chloride-Ethidium Bromide Analysis of CLOS Prepared Samples
To determine the nature of the plasmid DNA found bound to membrane,
and estimate the amount of this plasmid cosedimenting with the folded
chromosomal complex, peak fractions of the plasmid regions and chromosomal
regions were pooled and centrifuged in a CsCl-EtBr gradients. This
gradient separates supercoiled plasmid DNA from nicked and linear plasmid
and chromosomal DNA. The CsCl-EtBr analysis of the peak fractions from
the plasmid regions indicated that the majority (89%) of the freely
sedimenting molecules were in CCC form (Fig. 6), This was confirmed by
agarose gel electrophoresis. Analysis of the chromosomal fractions from
Fig. 5. Profile of pI524 DNA-membrane complexes on CsCl-sucrose gradi¬
ents. M2 and M2 represent plasmid pI524 DNA-membrane complexes
and F represents both free DNA and free membrane.
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Fig. 6, Cesium chloride-ethidium bromide density gradient analysis of
plasmid pI524 DNA region from CLOS gradient fractions.
Samples were centrifuged at 45,000 rpm for 36 hr at 20°C.
Fractions were collected from bottom of the tube and radio¬
activity was determined as described in Method Section. CCC
represents the covalently closed circular and OC/L includes




CLOS gradient on CsCl-EtBr gradients indicated that up to 27% or one copy
per chromosomal equivalent of the nonreplicating molecules were freely
released when the folded chromosomes were unfolded in neutral salt den¬
sity gradients (Fig. 7).
Detection of Nuclease Activity in Plasmid DNA Membrane Complexes
In initial experiments designed to establish the site of binding by
restriction endonuclease treatment, the DNA was completely degraded.
Since analysis of DNA-membrane complexes have shown to contain nuclease
activities (Tanaka and Sueoka, 1983), we wanted to examine pI524-mem-
brane complexes for nuclease activity. Nuclease activity is inhibited
in the isolation buffer by EDTA. Thus, nuclease activity can be demon¬
strated upon addition of Mg"'"'' ions.
Fractions indicating co-sedimentation of plasmid DNA and membrane
from CLOS gradients were pooled and dialyzed against TE buffer. The
dialyzed sample was then divided into three CA,B, and C] equal por¬
tions. Sample A was used as control in this experiment, sample B was
incubated in buffer containing Mg'*"*' ions and sample C was phenol/chloro¬
form extracted, prior to incubation with Mg"'"''. Each sample was layered on
top of a neutral sucrose (10-30%) gradient and centrifuged as described
in Fig. 2. From Fig. 8, it can be seen that there are changes in the
sedimentation profiles when sample were treated as indicated above. The
control sample (Fig. 8a) sedimented in the same region as that from the
original CLOS. Data in Fig. 8b indicate a big shift in the sedimentation
Fig, 7, Cesium chloride-ethidium bromide density gradient analysis of
chromosomal DNA regions from CLOS gradient fractions. CCC
represents the covalently closed circular pI524. The other




Fig, 8. Nuclease activity of plasmid DNA-membrane complexes, (a) No
treatment sample (b) CLOS sample incubated with Mg’’"*' ions and
(c) CLOS sample extracted with phenol/chloroform and incubated






profile of the samples incubated in Mg"'"*' ions (to the top of the gradient).
When the plasmid molecules were extracted with phenol/chloroform which
removes the proteins, and incubated with Mg'^"'' ions, the nuclease effect
was removed (Fig. 8c), These results indicated that the plasmid DNA iso¬
lated under these conditions are complexed with protein and has nuclease
activity. Incubation of the complexes with other cations (Manganese, and
Calcium) also resulted in the degradation of pI524 as seen in Fig. 8b
(Data not shown). However, incubation with EDTA, (10 mM and greater)
reversed the effect of Mg'*"'' ion (Data not shown). The specificity of the
nuclease activity was demonstrated on agarose gel electrophoresis.
Agarose Gel Electrophoresis
The identity of plasmid DNA as CCC pI524 was confirmed by molecular
weight on agarose gel (Fig, 9, lanes 1 and 6). The specificity of the
binding properties of plasmid pI524 DNA was tested by incubating the
purified pI524 DNA at 37°C for 30 min with increasing amounts of bovine
serum albumin (0.1, 0,3 and 0.5 mg). In this regard, if the binding of
pI524 DNA to membrane is a non-specific interaction, one will expect an
increase in molecular weight or retardation of the complexing during
agarose gel electrophoresis. The complexing of the bovine serum to
plasmids was analyzed on agarose gel electrophoresis, as can be seen in
Fig. 9, lanes 3-5, the mobility of pI524 DNA was not affected. The
specificity of the binding which resulted in the inability of the samples
to enter the gel was observed when J^n vivo membrane-pI524 DNA complexes
were isolated on CLOS gradients and electrophoresed on the same gel (Fig.
9, lane 2). Lane 7 is the phenol/chloroform extracted CLOS samples.
Fig. 9. Horizontal agarose gel profile of plasmid pI524 DNA. Lane 1:
purified pI524 CCC only; Lane 2: purified pI524 membrane
complexes from CLOS; Lane 3: purified pI524 CCC plus 0.1 mg BSA;
Lane 4 purified pI524 CCC plus 0.3 mg BSA; Lane 5: purified pI524
CCC plus 0.5 mg BSA; Lane 6: purified pI524 CCC DNA; and Lane 7:
phenol/chloroform extracted CLOS samples.
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The nuclease activity associated with the complexes was also ob¬
served when plasmid pI524 DNA-membrane complexes isolated on CLOS gradi¬
ents were added to either purified CCC pI524 (Fig. 10, lane 1 or lambda
DNA, lane 3). This show no specificity of nuclease activity, since the
lambda DNA was also digested. Lane 4 indicates that pI524 plasmid DNA
isolated on CLOS gradient was associated with the membrane which virtually
prevented it from entering into the gel. When the complex was phenol/
chlorform extracted and digested with EcoRl, the extracted and endonuclease
digested DNA migrated freely into and in the gel (lane 5). The of phenol/
chloroform extracted samples (lane 6) showed a bound in a position similar
to that of purified pI524 CCC DNA (lane 2).
Protein Patterns of Fractions from Sucrose Gradients on Sodium Dodecyl
Sulfate-Polyacrylamide Gel Electrophoresis
To further characterize the pI524 plasmid DNA-membrane complexes,
membrane-associated pI524 molecules isolated and purified by the various
gradients were analyzed by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis.
The results, as shown in Fig. 11, indicated that the protein binding
patterns observed from the purified complexes of 2-step (lane 2), and
M2 and of CsCl-sucrose double density (lanes 3 and 4) and isopycnic
(lane 5) gradients were similar to protein pattern observed for purified
membrane sample from ^ aureus (lane 1). No significant differences
in protein profiles were found between the various gradient preparations.
Fig. 10. Nuclease activity profile of plasmid-membrane complexes on
horizontal agarose gel electrophoresis. Lane 1: pI524 DNA-
membrane complexes isolated from CLOS gradient plus purified
pI524 CCC DNA; Lane 2: purified pI524 CCC DNA only; Lane 3
pI524 CCC DNA plus lambda DNA; Lane 4: pi 524-membrane complexes
only; Lane 5: ECORl digested pI524 DNA; Lane 6: Phenol/chloro¬
form extracted CLOS samples; Lane 7: Lambda DNA digested with
ECORl
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Fig. 11. SDS-PAGE profile of proteins of plasmid membrane complexes and
free membranes. Lane 1: Total membrane from aureus; Lane
2: 2-step sucrose; Lanes 3: M2 from CsCL sucrose double
density; Lane 4: M] from CsCl sucrose double density Lane 5
Complexes from isopycnic and Lane 6 Standard proteins.
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These results are consistent with our previous findings, confirming the
in vivo association of pI524 to bacterial cell membrane.
The Role of RNA and Protein in Complexing of pI524 to Membrane.
The possible role of RNA in complexing of pI524 to its host cell
membrane was examined in two ways. (1) Cells grown exponentially were
treated with rifampicin, a known inhibitor of RNA polymerase activity,
prior to centrifugation. (2) Exponentially grown cells were lysed on CLOS
gradient in the presence of RNase. Figure 12 b and c shows the typical
profile on the effects of RNase and rifampicin respectively on the mole¬
cules as rapidly sedimenting complexes on CLOS gradients. RNase seems to
increase the sedimentation of the complexes (Fig. 12b). Rifampicin
treatment (Fig. 12c), however, does not appear to have any significant
effect on the sedimentation when compared to the control run on CLOS
gradients. Additionally, RNase-exposed samples from CLOS gradient were
run on double-density CsCl-sucrose gradients. Table 1 shows that a higher
percent of the DNA is found complexed to membrane after isolation in
CLOS gradient with RNase, indicating that ^ novo RNA synthesis does not
play a significant role in the attachment of pI524 to membrane.
Complexing of DNA to membrane has been postulated to be mediated
through protein. Therefore, the effect of inhibition by chloramphenicol
as well as pronase degradation of protein(s) involved in complexing was
studied. To determine the possible role of protein in the stability of
pI524 association to its bacterial cell membrane, cells harboring this
plasmid were exposed to chloramphenicol (Cm) to inhibit protein synthesis
Fig. 12. Sedimentation profile of the effects of RNase or rifampicin
on plasmid pI524 DNA-membrane complexes. Centrifugation and
analysis of the gradient was as that of CLOS gradiant.
(a) control (no treatment), P20= 1.0721 (b) plus RNase,




Table 1, The Percentage Distribution of Plasmid DNA-Membrane Fractions
on CsCl-Sucrose Double Density Gradients
RNase Ml M2 TM F
% % %
+ 9.06 14.11 23.17 76.83
- 4.56 8.41 13 87.03
DENSITY 1.28 1.41 - -
Ml = MEMBRANE FRACTION 1
M2 = MEMBRANE FRACTION 2
TM = TOTAL MEMBRANE-ASSOCIATED DNA
F s FREE DNA
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or the lysate were exposed to pronase for protein degradation. Analysis
of samples on CLOS gradients did not show any significant differences in
their sedimentation profile not the percent recovery of pI524 on the
gradient (Data not shown). However, an analysis for membrane association
on 2-step gradients indicated that there was a reduction in the percent
of membrane-associated form of this plasmid DNA when exposed to pronase
(Fig. 13). The analysis of Cm treated cells on isopycnic gradients
showed that the majority of the plasmid molecules were free of membrane
association. In addition, some plasmid molecules were converted from CCC
to the OC forms Fig. 14. Similar results were observed in pronase exposed
sample (data not shown).
Binding of Exogenous pI524 to Membrane In Vitro.
In view of the findings that the plasmid complexes isolated vivo
contained nuclease activity, mapping of the attachment site(s) (to
establish possible function) was difficult. Therefore, we attempted to
establish an in vitro DNA-membrane binding system specific for pI524 to
determine the site of membrane complexing. In this study, lysates pre¬
pared from ^ aureus cultures were heated for 10 min at 45°C, then puri¬
fied [3H]pI524 was added to the mixture. The mixture was further in¬
cubated for another 5 min at 45°C as described in Materials and Methods.
Previous studies by Korn ^ a^. (1983) suggested that heat treatment was
Fig. 13. Analysis of pronase-exposed pi 524-membrane complexes on two-
step neutral sucrose gradient. Samples were obtained from





Fig. 14, Effect of exposure of exponentially growing cells to chloram¬
phenicol on complexing of plasmid pI524 DNA to bacterial cell






necessary for the formation of membrane-plasmid complexes. This obser¬
vation was supported by binding experiments performed by the same investi¬
gators where preincubation at 45°C was omitted and resulted in no binding
of plasmid DNA to membrane. In our experiments, at the end of 5 min
incubation at 45°C, the samples were transferred to 32°C water bath,
incubated for 20 min followed by sucrose gradient centrifugation and
radioactivity analysis. Binding of exogenous [3H]pI524 DNA to membrane
fractions in vitro is shown in Fig. 15a.
Competitive Binding Experiments
In view of the findings that bacterial cell membranes contain a number
of DNA binding proteins (Lacks ^^1^., 1975), we thought that it would be
important to demonstrate that the vitro binding of pI524 to S. aureus
membrane was specific for the pI524 molecules and not a nonspecific DNA-
membrane interaction. For this reason, E. coli plasmid R6K, was used as a
heterologous plasmid DNA molecule. R6K is plasmid which confer resistant
to ampicillin, and has a molecular weight of 25 x 10^ (38 kb relatively
close to pI524, 30 kb) and does not replicate in ^ aureus. If the
binding of pI524 to its membrane is a nonspecific interaction, then R6K
DNA should be able to bind to the membrane fraction and compete with
pI524 for membrane sites. To test this possibility, we incubated the
bacterial lysate at with [3H]-labeled purified CCC pI524 DNA in the
presence and absence of five fold excess non-labeled purified pI524
CCC or R6K plasmid DNA. As can be seen in Fig. 15b, nonradioactive
pI524 successfully competed for the binding of the radioactive pI524.
Fig. 15, Profile of in vitro binding of pI524 to membrane on 5-20%
sucrose gradients: (a) purified [^H] Thd pI524 CCC bound to cell
membrane (b) [^H] Thd pI524 CCC plus unlabeled pI524 bound to





The percent bound was reduced from 22% to 11%. When [3H]pI524 and R6K
were present together, the binding of pI524 to the membrane was not
affected by the presence of excess R6K (Fig. 15c). Thus, R6K DNA neither
binds to the ^ aureus membrane jji vitro nor competed with pi524 for
binding sites on ^ aureus membrane. When the incubation time of mem¬
brane complexes was increased, an increase in pi 524-membrane complexing
was observed (Fig. 16a). This increase was competitively removed by
exposure to non-labeled pI524 (Fig. 16b). Samples of plasmid pI524
membrane-associated of Fig. 15 were analyzed on CsCl sucrose double
density gradient to confirm membrane association. The results seen in
Fig. 17 indicated the presence of two membrane bound fraction, M] and M2
similar to that found during Jn^ vivo plasmid membrane complexing (Fig.
5), and freely sedimenting DNA could be result of non-specific binding of
pI524 to membrane. Exposure of non-specifically bound DNA to high molar
salt concentration has been shown to release DNA from the complexing
sites i.e. they are salt sensitive (Winston and Sueoka, 1980).
Fig, 16. Effect of an increased incubation time on in vitro binding.
Analysed on 5-20% neutral sucrose gradient: (a) [^H] Thd
pI524 CCC bound to cells membrane (b) [^H] Thd pI524 CCC plus
unlabeled pI524 CCC bound to cells membrane.
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Fig. 17. Separation and identification of in vitro pI524 DNA-membrane
complexes on CsCl-sucrose gradients, (a) purified pI524 (b) in






The bacterial cell membrane is the site of numerous biochemical and
biophysical processes. Among these are cell wall and lipid biosynthetic
activities, electron transport and oxidative phosphorylation, small
molecule transport, and presumably, macromolecule transport. In addi¬
tion, there is a large body of evidence indicating that chromosome
replication and its segregation may be membrane-associated events. The
electron microscopy studies of Ryter and Jacob (1964) indicated that at
least part of the chromosomal structure of Bacillus subtilis is always in
close proximity, if not actually in contact with, the bacterial membrane.
The biochemistry of the initiation process of DNA replication in pro¬
karyotic organisms is beginning to be elucidated. Although little is
known about the biochemical role of the membrane in the initiation of DNA
replication in bacteria, recent evidence suggest that the DNA-membrane
association is necessary in ^ subtilis for the initiation of both the
host chromosome and pSLlOS (Winston and Sueoka, 1980). In this regard,
many bacteriophages have been shown to replicate their DNA in a membrane-
bound configuration (Siegel and Schachter, 1973). In addition to its
possible role in initiating the bacterial DNA replication, membrane has
been also suggested to play a functional role in other processes of DNA
maintenance. In this respect, the work of Joenje (1975) suggested
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that transforming DNA has a clear affinity for binding to bacterial
membrane prepared from competent cells. Additionally, Jones and Donachie
(1973) further showed that protein synthesis is necessary to release the
chromosome from the membrane after replication, and they speculated that
a "termination protein(s)" may be required for cell division and the
release the finished chromosome from the membrane. Thus, it is suggested
that the attachment of the terminated chromosome to the cell membrane may
serve to regulate subsequent cell division.
Our studies on the relationship of penicillinase plasmid pI524 DNA
with its host bacterial membrane have shown that a membrane-associated
form of this plasmid could be isolated from exponentially grown cells.
This was based on the observed cosedimentation of differentially labeled
membrane and plasmid molecules on CLOS gradients, and by the analysis of
the putative membrane complexes on various density gradients. The results
indicated that up to 23% of the plasmid pI524 DNA was stably associated
to membrane fractions, and suggested that one of the two to three copies
of this plasmid per cell was complexed to the cellular membrane. An
analysis of the membrane associated form of pI524 indicated that two
complexed forms of this plasmid DNA could be isolated, i.e., and M2,
based on their densities. These results are consistent with the finding
of DNA membrane complexes observed generally in gram positive organisms
(Tanaka and Sueoka, 1983). Protein analyses of all these form of com¬
plexed on SDS/polyacrylamide gel electrophoresis showed a similiar pro¬
tein pattern to that protein of cell membrane fractions. The biological
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role of these two forms have not been determined. However, it has been
speculated that they may play a role in the initiation of DNA replication
and/or segregation of new replicas into progeny cells.
Sedimentation profile studies of plasmid pI524 DNA-membrane observed
cosedimenting on CLOS gradients have also suggested a possible complexing
of this plasmid to its bacterial membrane. Based on the observed differ¬
ences in sedimentation profiles of CLOS isolated membrane complexes,
phenol/chloroform extracted sample had a shift in sedimentation profile,
when compared to the profile of the original CLOS isolated complexes.
On the other hand, incubation of the membrane associated form of this
plasmid in the presence of cation resulted in the degradation of plasmid
DNA, which indicates the presence of nuclease activity. The nuclease
activities exhibited by the plasmid pI524membrane complexes were further
confirmed on agarose gel electrophoresis by the disappearance of incubat¬
ed CLOS samples and the smearing of CCC pI524 or Lambda DNAs when
incubated with CLOS samples. The inability of the untreated CLOS samples
to migrate into 0.8% agarose gel during electrophoresis process, and the
observed cosedimentation of differentially labeled pI524 DNA with the
bacterial membrane components could be due to the complexing of plasmid
pI524 DNA to the cell membrane. A comparison in protein banding patterns
of the plasmid complexes from the various density gradients with those
found in purified ^ aureus membrane on SDS/PAGE showed many protein in
common. This suggests that the major protein components in the complexes
were indeed derived from the cell membrane.
55
When peak fractions of the plasmid regions were subjected to CsCl-
EtBr analysis, majority of the molecules (90%) isolated on the CLOS
gradient were recovered as covalently closed circular molecules. In
addition to this result, identification of molecules on agarose gel
electrophoresis confirm the molecules isolated on CLOS gradients as
pI524 plasmid DNA. An examination of the relationship of pI524 DNA to $,
aureus folded chromosomes in the presence of RNase showed that 27% of the
CCC pl524 DNA cosedimented with folded chromosome in CsCl-EtBr gradient.
This finding is in agreement with previous findings of Kline and Miller
(1975) and Archibold et , (1978), illustrating the co-sedimentation of
plasmid molecules with the folded chromosomal complex (chromosome plus
membrane). Whether this association is to chromosome or membrane or both
is not fully known. The evidence presented in this study support the
binding of DNA to membrane.
Antibiotics, such as Cm and Rif, have been reported to release
chromosomal DNA from its membrane template(s) (Dworsky and Schaechter,
1973; Wolf-Watz and Norqvist, 1979), We report here that, under the
conditions where Cm, which inhibits protein synthesis at the level of
the Ribosomes was applied to exponentially growing cells, little or no
change was observed in sedimentation of pI524-membrane complexes if
exposure were for short periods (10 min. or less). On the other hand,
exposure of cells to Cm for longer periods showed a decrease in the mem¬
brane associated forms of PI524, and conversion of CCC to OC forms.
This conversion could be due to the inhibition of protein(s) essential
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of the circular nature of this plasmid, e.g., relaxation protein syn¬
thesis which has been shown to be membrane associated (Clewell and
Helinski, 1969). Consistent with these findings data from the pronase
treated complexes also showed reduction in percent of membrane-plasmid
complexes. These observations suggest that protein(s) may be involved in
the integrity of the complex and the binding of DNA to membrane.
The possible involvement of RNA in the attachment of pI524 DNA to
its host membrane moiety has been investigated in this present study.
Experimental results where rifampicin, an inhibitor of RNA synthesis,
was included in exponentially growing cells media, indicated that pI524
DNA associated with membrane is insensitive to release by this anti¬
biotic. However, exposure of our lysate to RNase resulted in an increase
in the amount of membrane bound pI524 complexes on neutral sucrose gradi¬
ents. Based on these findings. It would appear that ^ novo RNA syn¬
thesis was not essential in the complexing of the non-replicating form of
this plasmid pI524 to its bacterial membrane. On the other hand, Dworsky
and Schaechter (1973) have demonstrated that the number of attachment
points was decreased four fold by the treatment of cells with rifampicin.
Although the drug did not affect a mutant whose RNA polymerase was
resistant to rifampicin. Their experimental results led them to hypo¬
thesize that there may be two classes of attachment points for DNA on the
membrane, one may be removed by rifampicin treatment and the other
is insensitive to rifampicin. The latter part of their hypothesis
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agrees with our findings, but this needs to be further examined by
exploiting the RNA polymerase mutants of our strains.
In experiments where exposure of lysates to RNase resulted in an
increase of both freely sedimenting membrane-associated and nonassoci-
ated forms of pI524 argues that RNA may not be involved in the complex-
ing of nonreplicating forms of this plasmid ot its cell membranes. It is
significant to note however, that the conditions of cell lysis in our
experiment were such that the bacterial genomes were forced to unfold
as a function of Na"*" limitation. These conditions have been shown to
release any unlinked plasmid DNA from the chromosome (Archibold, ^
1978). Whether RNase serves to release plasmid molecule as a result
of further unfolding of the genome or to destroy RNA involved in direct
linkage of plasmid to chromosome or both could not be determined from
these studies. It should be noted that a variety of bacterial plasmid
can be found to cosediment with their host genome. In this regard,
Kline ^ al_. (1976) have shown that F-plasmid can link to the folded
chromosome without linear insertion. From such an interaction a number
of plasmid function can be affected e.g., transposition (requiring
DNA replication) or homologous recombination.
Data from the vitro binding studies demonstrate the specificity
of plasmid pI524 DNA to its host cell membrane. When the membrane
fractions of ^ aureus cells harboring pI524 was heated at 45°C and
cooled in the presence of exogenously added [^Hl-Thd pI524, the exogenous
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plasmid pI524 DNA bound specifically to the membrane. Results from the
purification on CsCl-sucrose gradients, eliminated the possible unspecific
interaction of pI524 to its host cell membrane. However, the question
of whether the type of complexes observed here exists in the cell (high-
salt-resistant complexes) or whether the jn^ vitro high salt sensitive
complex corresponds to a premature complex which becomes the high salt
resistant one has not been fully determined.
The profile of in vitro studies were identical to that observed in
in vivo experiments. Whether the site(s) of the interaction is the
same as those seen in vivo is not known.
The percentage of pI524 DNA bound vitro is comparable to that
bound in vivo, and heterologous DNA such as R6K fails to bind to S. aureus
membrane or inhibit the binding of pI524. Analysis of these findings
indicate that the membrane component, presumably protein or proteins,
responsible for the jji vitro binding of pi524 in ^ aureus membrane
is approximately the same amount, when compared to the percentage bound
in vivo. Additionally, results from the competitive binding experiments
in vitro demonstrated that pi524 DNA probably binds to the ^ aureus




The association of the plasmid pI524 DNA to its host bacterial cell
membrane has been investigated through both jji vivo as well as jji vitro
experiments. According to our results, the following suggestions and
conclusions could be drawn.
1. The observed cosedimentation of differentially labeled membrane and
plasmid molecules on neutral sucrose gradient suggests a possible
association. Analysis of the putative membrane complexes on various
density gradients indicated that one of the three copies of this
plasmid per cell was complexed to its host bacterial membrane.
2. Centrifugation of the plasmid DNA-membrane complexes from CLOS gradi¬
ents on CsCl-sucrose gradients revealed two forms of bindings, salt
sensitive {unstable binding) and salt insensitive (stable comlexing).
Analysis of the salt stable form revealed two types of plasmid DNA-
membrane complexes based on their densities, M] and M2.
3. A comparison of the proteins in the plasmid-membrane complexes from
various density gradients on SDS-PAGE showed no apparent differences
in their banding pattern. The complexes did show the presence of
membrane specific proteins. Thus, confirming the association of
pI524 to bacterial membrane.
4. In the presence of chloramphenicol and pronase, there was con¬
version of CCC to OC and reduction of the complexes, respectively.
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suggesting that the complexing is dependent on protein(s) or protein
synthesis.
5. RNA did not appear to be directly involved in binding pI524 to the
cell membrane. That is, exposure of the complex to RNase or
incubation of cells in rifampicin did not affect the stability
of the complexes. On the other hand, RNA may play a role in
associating the pi 524-membrane complexes to the three dimen¬
sional structure of the bacterial genome.
6. Nuclease activity was observed with the in vivo membranes associ¬
ated forms of this plasmid. Thus, mapping of attachment site(s)
were not possible by restriction digest.
7. In vitro binding studies revealed the specificity in binding
of plasmid pI524 DNA to its host bacterial cell membrane.
While we are still trying to identify the specific binding site(s)
for pI524 plasmid to its bacterial cell membrane, we have provided
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